, Tien and Campbell [5] , Ellison and Coronet [6] , and Chin and Litt [7] . For the transition region Mohr and 
The different Schmidt and Reynolds number dependences are indicative of the scatter in the data. Modification of the multiplicative constant and the two exponents makes it possible to represent the data, due to scatter, with slightly different expressions. Because of the scatter in the data, it is also difficult to distinguish between a 1/3 and 1/4 power Schmidt number dependence.
Average mass-transfer rates are measured and hence average-Sherwoodnumber correlations are obtained directly. The data must be differentiated to obtain information on local mass-transfer rates. Differentiation of data with considerable scatter may not give reliable information. To model accurately mass-transfer processes on a rotating disk (as in corrosion), reliable local mass-transfer rates are required. Therefore, the approach taken here is to develop a model from which local mass-transfer rates can be calculated. These local rates can then be integrated for comparison with measured average mass-transfer rates. This general approach was used by Kader and Dil'man [9] in pipe flow.
In the study of corrosion on a rotating disk, localmaas-transfer rates are needed when the mass transfer commences at an arbitrary radial -4-i position on the surface. This is analagous to rotating rings with different I~ thicknesses. Daguenet 18] and Delouis and Keddatu [10] have investigated mass-transfer rates on ring electrodes of various dimensions in the transition and turbulent regimes. Data taken by Delouis and Keddam on thick rings support a 0.9 exponent on the Reynolds number, similar to disk correlations.
However, for thin rings the data gave rise to an exponent of 0.6. These authors also reported measured values of the limiting current for thin rings in transition and turbulent flow which lie below the Levich [11] relationship for thin rings. This deviation in limiting currents cannot be explained in terms of radial diffusion. Newman [12, 13] has considered the importance of radial diffusion to a flat plate and to a rotating disk at the limiting current. Radial diffusion is important in a very small region and its effect is to increase the mass-transfer rate.
From an analytic viewpoint, few models exist which describe the ~ss transfer to rotating disks and rotating rings beyond the laminar flow region. Chin and Litt [7] express the Sherwood number for thin rings in terms of the shear stress. Cognet and Daguenet [14] along with Kornienko and Kishinevskii [15] have presented tnOdels for disks and rings in turbulent flow. In the work by Kornienko and Kishinevskii the problem was solved for developed and undeveloped diffusion boundary layers. They ,) also state that it is not possible to distinguish between the 1/3 and 1/4
Schmidt number dependence from rotating-ring data due to the different levels of development of the diffusion boundary layer.
An approach to solving heat and mass .... transfer problems in turbulent flow without i priori solution of the Navier-Stokes equations was presented by Spalding [16] e 0 at y = 0 r > r.
-~ e 1 at y = 0 r < r. Levich [36] initially advocated the y form but subsequently [37] expressed a preference for equation (12) . The form used in equation (10) will be kept sufficiently general so that a decision concerning the form of D(t)/V can be made in view of experimental and theoretical results.
For this reason we let where dey +)
+ is a function of y
For simplicity, d(Y+) can be considered 1, and equation (11) is recovered. Substitution into equation (10) with the definitions (14) x = 9K (g) When X = 0 , equation (17) simplifies to (18) This equation is analagous to the equation given by Levgque [38] , with the solution (17) is solved using a Crank-Nicholson procedure.
The procedure is efficient and stable.
The local and average Sherwood numbers can be expressed as (17) accounts for the turbulent contribution to the mass-transfer rate. Equation (17) must be modified slightly to describe the three different transport mechanisms on the
where feR) is defined as
For laminar flow, the turbulent contribution to mass transfer disappears, since f = O. Equation (17) Torque measurements on rotating disks are reported by Schlichting [40] in the form of torque coefficients. The angular shear stress is available from these studies. Surprisingly, its radial counterpart has not been explicitly reported nor correlated. Von Karman's expression is compatible with the torque measurements, the flux expression given in the appendix, and the results of mass-transfer correlations.
In the transition region, the shear stress is made continuous with the forms for laminar and fully developed turbulent flow. With the experimental results of rotating ring electrodes in mind, the Reynoldsnumber limits were set as to for the transition region shear stress. These limits are slightly different from those for feR) .
A graph of the shear stress is given in figure 1.
To fit the rotating-disk data for fully developed turbulent flow (equation [2] ), the shear stress and K must be consistent with the experimental mass-transfer correlation. Equation (A-IO), developed in the appendix, for (20) can be expanded and rearranged to yield
In particular, for laminar flow, this reduces to (see reference Ill]) The Reynolds number dependence of the radial shear stress.
-12-
Comparison of equation (27) with equation (28) shows the importance of the shear stress ( S )1/3 Sh = aRQ loc,lam (29) To consider average mass-transfer rates, equation (27) is integrated for thin-ring conditions to give ( s) 1/3 1/3
Sh
An analagous expression for laminar flow can be obtained so that the ratio of average Sherwood numbers is also given by equation (29) and is the ratio of the measured current to the current if laminar flow prevailed. The last equality is important from a practical point since total currents are measured from limiting current experiments.
Experimental Data
Limiting currents were measured on thin rotating-ring electrodes. 
Results and Discussion
The results presented in the ensuing figures are for
Subsequent comments will be made concerning a y+4 -dependence of D(t) Iv . Local massqtransfer rate on a disk electrode vs Reynolds numbe~. The results of our mass-transfer experiments on rotating rings compared to the results of the calculations [equation (22) From the curves in figure 7 , the local mass-transfer rate on rotating rings is high at the beginning of the mass-transfer region and approaches In figure 8 , D(t) Iv is presented for these two forms in addition to the expression by Wasan, Tien, and Wilke [28] . The form by Wasan, Tien, and
I04~--------------~---r--'---'-----------1

Re
Wilke would fit the thin-ring data better than the two alternative forms, at the expense of a worse fit of the rotating-disk data in fully developed turbulent flow.
-23- Substitution of these two expressions into equation (6) gives Q 0.6,,1. 8 (11) constant defined in equation (32) the number of electrons transferred The Reynolds number dependence of the radial shear stress. Local mass~transfer rate for rotating rings of various dimensions.
The Reynolds number designation on the respective curves denotes the point at which mass transfer begins.
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Figure 8
Dependence of the eddy diffusivity upon the form used near the wall. 
